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e Associate PABSTRACTObjective: The purpose of this study was to evaluate neck-related physical function in individuals 11 to 14 years
after anterior cervical decompression and fusion (ACDF) surgery for degenerative cervical disk disease and to
compare the long-term outcome of 2 surgical techniques, including the Cloward procedure and cervical intervertebral
fusion cage.
Methods: In this cross-sectional study, 51 individuals, 11 years or more after ACDF, underwent testing of cervical
active range of motion, hand-grip strength, static and dynamic balance, neck muscle endurance, and completed pain
ratings. The participants' values were compared with values of age- and sex-matched healthy individuals to evaluate
impairments. Correlations between different test scores and pain were performed. Group differences were analyzed
between the 2 surgical techniques.
Results: Sixty-five percent and 82% exhibited impairment in ventral and dorsal neck muscle endurance, respectively.
Impairment rates of 18% to 39% for cervical active range of motion, 27% to 43% for hand-grip strength, 37% for
standing balance, and 35% for dynamic balance were recorded. Twenty-nine percent of the participants had
impairment (N30 mm visual analog scale) in pain. There were no significant differences in physical function between
the 2 surgical treatment groups (Cloward procedure or cervical intervertebral fusion cage) (P = .10-.92).
Conclusions: In those studied, a large percentage of patients who had anterior cervical decompression and fusion
surgery have impairments in neck-related physical function when compared 11 to 14 years after surgery with age- and
sex-matched healthy reference individuals. Neck-specific function, but not balance, was statistically correlated to pain.
Neck muscle endurance was most affected, and balance impairments were also present in one-third of the individuals.
There were no differences in long-term physical function between the 2 surgical techniques. (J Manipulative Physiol
Ther 2014;37:87-96)
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February 2014Evaluating Physical Function After ACDFAnterior cervical decompression and fusion (ACDF)has been performed as a surgical intervention forcervical disk disease since the 1950s, when the
Cloward procedure (CP) and the Smith-Robinson techniques
were first introduced.1,2 Previous research on outcomes after
ACDF show reduced pain,3-5 reduced neurologic symptoms,5
and global improvement.3-8 Despite these improvements, a
number of studies have shown that patients report neck-
specific disability3-5,8,9 and continued pain3-5,8-10 in short-
term (6 months to 3 years) and long-term (6-10 years)
follow-ups after surgery. We believe that there is a need to
also evaluate physical function, which may have a great
impact on everyday life in individuals after anterior cervical
decompression surgery. Only a limited number of studies
have previously evaluated cervical range of motion (ROM),
neck muscle functioning, hand-grip strength, and balance
after anterior surgery.5,10-13 Of these, no study has
previously evaluated functional outcome in patients after
ACDF with more than a 3-year follow-up.
When evaluating self-reported measures of pain intensity
and neck-specific disability, 10 years postoperatively using 2
different techniques of ACDF (the CP without a cage and the
cervical intervertebral fusion cage [CIFC] with a carbon fiber
cage), no differences between the 2 techniques were present.4
The use of a cage in the ACDF procedure is proposed to
prevent graft collapse and to restore cervical lordosis.3 No
studies have previously evaluated differences in long-term
physical function between the 2 techniques.
A study of physical function may add to an understanding
of the long-term outcome in patients after ACDF. Therefore,
the aim of the present study was to evaluate neck-related
physical function in individuals 11 to 14 years after ACDF
and to compare the outcome of neck-related physical
function between 2 surgical techniques (CP and CIFC).METHODS
The original randomized control trial was performed at
a university hospital in Sweden between 1995 and 1998.3
Inclusion criteria were radiculopathy of degenerative
origin with or without neck pain of at least 6-month
duration.3 Patients were randomly assigned to either
surgery with the CP1 or the CIFC3 techniques by an
attending nurse. A total of 103 patients were included, but
8 individuals decided against having surgery leaving 95
patients in the original study (see flow chart in Fig 1).3
Postoperatively, all individuals were instructed to wear a
Philadelphia collar for 6 weeks and follow standard
procedures after removal of the collar. This included
standard postsurgery rehabilitation (which was not specif-
ically designed for the study) containing mobility
exercises, ergonomic advice, and posture control. The
patients were referred to physical therapy in primary health
care if needed. A minimum of 10 years after surgery, a newquestionnaire was sent out to the remaining 90 individuals
(Fig 1).4 As a part of the questionnaire, all of the
individuals were asked if they would be willing to
participate in the present study, which included a clinical
examination of physical function.
Seventy-three individuals returned the completed ques-
tionnaires.4 The dropouts were caused by severe other
diseases such as cancer or stroke (7 individuals), 1
incomplete questionnaire, and 9 individuals who did not
return the questionnaire despite reminders.Participants
Fifty-seven individuals (32 women and 25 men) agreed
to participate in the present study evaluating function. After
providing informed consent to participate, these individuals
were contacted for scheduling of the clinical examination.
Six individuals dropped out of the study before the clinical
examination. Two individuals dropped out due to medical
reasons unrelated to their neck problems, and 4 were unable
to attend any of the scheduled testing opportunities for
different nonmedical reasons.
The remaining 51 individuals (30 women and 21 men)
participated in this study (see flow chart in Fig 1) including
physical measures of neck-specific function, hand function,
balance performance, and self-reported pain ratings. Twenty-
five individuals had been operated on using the CP
technique, and 26, with the CIFC procedure. There were
no significant differences in the following variables between
the 2 surgical technique groups: age, time to follow-up,
preoperative pain (visual analog scale [VAS]), and disability
(Neck Disability Index) ratings or number of levels operated
on (Table 1). Six individuals (CP, 2; CIFC, 4) had at least 1
additional surgery, and 14 had a nonhealed fusion on
radiographs at the 2-year follow-up (Table 1). Of the 51
participants, 7 were left handed.
This study was performed in accordance with the
Declaration of Helsinki and was approved by the regional
ethics review board in Linköping, Sweden.Procedure
The clinical examination was performed starting with a
rating of pain “at rest” followed by cervical active ROM
(AROM) (cAROM) in 6 directions (flexion, extension,
side-bending right and left, rotation right and left), hand-
grip strength (right and left hand), clinical balance tests,
and neck muscle endurance (NME) tests (ventral and
dorsal). The order of performing the tests was standard-
ized. The participants were given verbal instructions
immediately before each measure. No warm-up exercises
were performed before the measures. However, immedi-
ately before performing the different measures, 1 test trial
was allowed to ensure that the instructions were correctly
understood. The only rest allowed was the time taken to
Fig 1. Flow chart of the inclusion process from the original study to the 11-year follow-up of physical function.
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positions to the next test procedure, and during the
explanation of test procedures. One experienced and
independent physical therapist blinded to the surgical
procedure used performed all measurements. All measure-
ments were performed during the same testing session. To
evaluate the effect of the tests on the patients' pain level,
pain right now was also rated in between and after the
different tests.Self-Reported Measure of Pain Intensity
Pain levels at the time of clinical examination were
assessed with a 100-mm VAS (0 mm, no pain; 100 mm,worst imaginable pain).14 The VAS is a frequently used
method of measuring pain and has exhibited good reliability
and validity.15Clinical Examination Measures
Cervical AROM was measured using a cervical ROM
device (Performance Attainment Associates, Lindstrom,
MN) with the participant in an upright seated position.16
Hand-grip strength was measured in kilograms with a
hydraulic hand dynamometer (Jamar; Sammons Preston
Rolyan, Bolingbrok, IL) in a standing position with elbow
in 90° of flexion, wrist in neutral, and the size of the handle
set at second (women) or third (men) position.17
Table 1. Background data of participants included in the evaluation of physical function at 11-year follow-up
Total CP CIFC P
Mean age (y) (n = 51) 59 (8) 57 (9) 61 (8) .09
Mean time to follow-up (mo) (n = 51) 151 (10) 151 (10) 151 (10) .90
Median preoperative pain ratings (mm VAS) (n = 51) 77 (60-84) 78 (65-82) 75 (56-85) .61
Median preoperative disability ratings (% NDI) (n = 51) 38 (28-41) 38 (32-42) 34 (27-41) .12
No. of surgical levels (n = 51)
1, n (%) 34 (67) 18 (72) 16 (62) .35
2, n (%) 16 (31) 6 (24) 10 (38)
3, n (%) 1 (2) 1 (4) 0
Healed fusion (n = 50) .11
Yes, n (%) 36 (72) 21 (84) 15 (60)
No, n (%) 14 (28) 4 (16) 10 (40)
Additional surgery (n = 49)
Yes, n (%) 6 (12) 2 (8) 4 (16) .67
No, n (%) 43 (88) 22 (92) 21 (84)
Mean (SD) or median (interquartile range) are presented depending on statistical methods used.
CIFC, cervical intervertebral fusion cage; CP, Cloward procedure; NDI, Neck Disability Index; VAS, visual analog scale.
Fig 2. Walking in a figure-of-eight. (Color version of figure is
available online.)
Fig 3. A, Test position of ventral NME. B, Test position of dorsal
NME. The weight used was 2 kg for women and 4 kg for men. For
photographic reasons, the head of the examination table is tipped.
During the actual test procedure, the examination table was in a
horizontal position. (Color version of figure is available online.)
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ened Romberg's test (tandem stance) with eyes closed.18
The test was measured in seconds and terminated if the
participant opened the eyes, reached for additional support,
or completed the maximum value of 30 seconds. Dynamic
balance performance was tested with the “walking in a
figure-of-eight” test,19 with the speed controlled by a
metronome (Fig 2). The number of incorrect steps (walkingon or outside the drawn lines) was recorded. Three trials of
the balance tests were performed, and the mean of all 3 trials
was used. If the participant reached the maximum value (30
Table 2. Mean values and cutoff values for hand-grip strength (in
kilograms) and NME (in seconds) of healthy control group age 65
to 74 years
Mean SD Cutoff values
Hand-grip strength
Right
Women 26.5 4.8 16.9
Men 42.0 7.6 26.8
Left
Women 24.9 4.2 16.5
Men 38.0 7.6 22.9
NME
Ventral
Women 54.7 27.0 23.0
Men 94.0 49.5 41.6
Dorsal
Women 333.2 209.9 145.5
Men 224.1 204.2 91.6
Cutoff values for hand-grip strength, −2 SDs; cutoff values for NME, 10th
percentile.
Twenty-seven women, mean age 69 years; 29 men, mean age 70 years.
NME, neck muscle endurance; SD, standard deviation.
91Hermansen et alJournal of Manipulative and Physiological Therapeutics
Evaluating Physical Function After ACDFVolume 37, Number 2seconds or no incorrect steps, respectively) at the first or
second trial, no further trials were performed, and the
maximum value was assigned to the remaining trials.20
Isometric NME was measured in seconds. The ventral
NME test was performed in supine lying with legs straight
(Fig 3A).21 The participants were instructed to flex the
upper cervical spine, by performing a slight nod, and lift
the head just above the examination table.21 Dorsal NME
was measured in prone lying with a weight (2 kg for women
and 4 kg for men) placed hanging from the individual's
head just above the ears (Fig 3B). The participants were
instructed to extend the upper neck (the tip of the chin
towards the floor).21,22
The measures of neck and hand function and balance
included in this study have been shown to exhibit good
reliability.16,17,22-25Analysis
Data were analyzed according to the principle of
intention to treat with no crossing over between groups.
Background variables and outcome scores were compared
between groups (CP to CIFC) using Mann-Whitney U test
due to small sample sizes. Differences in categorical
variables were analyzed primarily with Pearson χ2 test
and Fisher exact test. Correlations between the different
outcome variables were analyzed using the Spearman rank
correlations coefficient.
P b .05 was considered to be statistically significant. The
IBM SPSS Statistics for Windows, Version 19.0 (SPSS
Inc., Armonk, NY) was used for all data analysis.
Physical impairments were determined by comparing
the patients' scores to those of healthy individuals. Each
test score for every patient was compared with the cutoffvalues for age- and sex-matched healthy control groups. A
score of 2 SDs below the mean reference values was
considered an impairment regarding AROM and hand-grip
strength.17,26A value less than the 10th percentile was
considered impairment regarding NME27 and clinical
balance test (Kammerlind, unpublished data). For the
older age groups, data were collected and analyzed
(Table 2). A VAS score of more than 30 mm was
considered impairment in neck pain.28 The number of
patients who presented with scores below the cutoff value
was divided by the total to create an impairment rate for
each of the included outcome variables.RESULTS
The results of pain ratings and physical function
measures are presented in Table 3.Comparison Between CP and CIFC
There were no significant differences between patients
who had undergone CP compared with CIFC regarding
pain or any of the clinical measures of physical function
(P = .10-.92). Average values and subgroup analysis are
presented in Table 3.Physical Impairments
Between 18% (flexion) and 39% (left rotation) of the
patients presented with impairment regarding AROM
(Table 4). Sixty-five percent of the patients showed
impairment regarding ventral NME, and 82%, regarding
dorsal NME (Table 4). The results for hand-grip strength
showed impairments of 40% and 24% in right and left hands,
respectively (Table 4). Regarding the balance performance
tests, 43% and 35% of the participants had impairments in
static and dynamic balance, respectively (Table 4). There
were no significant differences in impairment rates in any
measure of physical function between the 2 surgical
techniques (P = .22-.93).Associations of Neck-Specific Function to Pain and Balance Performance
Three measures of physical function were significantly
correlated to pain intensity ratings before testing; cAROM
(extension ρ = −0.35, P = .01 and rotation bilaterally ρ =
−0.30, P = .04 and ρ = − .28, P = .045), hand-strength
right (ρ = −0.43, P = .002) and left (ρ = −0.32, P = .02),
and also NME ventral (ρ = −0.43, P = .002) and dorsal
(ρ = −0.52, P ≤ .001). Ventral and dorsal NME also
significantly correlated to pain after test (ρ = −0.36, P = .01
and ρ = −0.42, P = .003).
The only measures of neck-specific function that
significantly correlated with balance performance were
Table 4. Amount of participants with impairments in pain and physical function 11 to 14 years after anterior cervical decompression
and fusion
Measure Total % (n) impairment CP % (n) impairment CIFC % (n) impairment
Neck pain 29% (15) 36% (9) 23% (6)
cAROM
Flexion (50) 18% (9) 35% (6) 12% (3)
Extension (50) 20% (10) 25% (6) 15% (4)
Lat flexion right (51) 25% (13) 36% (9) 15% (4)
Lat flexion left (51) 33% (17) 36% (9) 31% (8)
Rotation right (51) 31% (16) 32% (8)) 31% (8)
Rotation left (51) 39% (20) 40% (10) 38% (10)
Hand-grip strength
Right (51) 39% (20) 36% (9) 42% (11)
Left (51) 24% (12) 20% (5) 27% (7)
NME
Ventral (48) 63% (30) 58% (14) 67% (16)
Dorsal (50) 82% (41) 88% (22) 76% (19)
Static and dynamic balance
Sharpened Romberg's test (49) 37% (18) 38% (9) 36% (9)
Walking in a figure-of-eight (46) 35% (16) 36% (8) 33% (8)
Participants' values of clinical tests are matched to reference values matched for age and sex obtained from healthy individuals. Impairment is presented in
individuals (percentages and numbers) with scores less than −2 SDs in cAROM and hand strength or 10th percentile in NME and balance tests of the mean
or median values for references. Moderate pain (N30-mm VAS) is considered impairment.
cAROM, cervical active range of motion; CIFC, cervical intervertebral fusion cage; CP, Cloward procedure; NME, neck muscle endurance.
Table 3. Median (interquartile range) values of the clinical measures of pain, neck function, hand-grip strength, and balance
Measure Total CP CIFC P
Neck pain at rest (mm VAS) 18 (0-37) 25 (5-51) 14 (0-31) .28
cAROM (°)
Flexion 34 (30-44) 36 (27-48) 32 (30-42) .53
Extension 48 (39-58) 47 (34-59) 49 (40-56) .64
Rot R 50 (42-57) 50 (41-58) 49 (44-57) .81
Rot L 46 (37-55) 50 (38-50) 45 (38-50) .30
Lat Flex R 24 (18-30) 26 (19-34) 24 (19-28) .80
Lat Flex L 24 (17-31) 26 (16-35) 22 (18-30) .69
Hand-grip strength (kg)
Right hand 30 (20-38) 32 (21-39) 27 (19-38) .53
Left hand 30 (22-38) 32 (25-20) 29 (20-38) .50
NME (s)
NME ventral 22 (11-40) 28 (14-45) 17 (8-35) .10
NME dorsal 71 (26-144) 69 (21-93) 73 (44-146) .39
Static and dynamic balance
Romberg's test (s) 7 (4-13) 8 (3-13) 6 (4-14) .92
Figure-of-eight (no. of incorrect steps) 13 (6-21) 12 (6-25) 14 (7-20) .65
cAROM, cervical active range of motion; CIFC, cervical intervertebral fusion cage; CP, Cloward procedure; NME, neck muscle endurance; VAS, visual
analog scale.
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ρ = −0.30, P = .04) to dynamic balance.DISCUSSION
Previous published long-term studies have evaluated
self-reported measures of pain and disability. The present
study is a cross-sectional descriptive study evaluating
clinical measures of physical function and self-reported
neck-related pain. The aim of the present study was to
describe clinically measured physical function at a specific
time point (11-14 years after surgery).To our knowledge, only a few existing studies have
evaluated measures of physical function such as cAROM,
hand-grip strength, NME, and functional balance after
ACDF. The results of the present study are similar to those
of a small 1-year follow-up study after ACDF with CIFC,
which showed impairments in neck-specific and hand
function.5,21 The results are also similar to those in a study
by Ylinen et al,10 in which hand-grip strength, passive
ROM, and isometric neck strength were evaluated at a 3-
year follow-up after anterior cervical disk surgery using a
number of anterior approaches with or without fusion.10
Individuals experiencing pain caused by a variety of neck
disorders may also experience balance problems.29 A few
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chial pain30 and after ACDF11 had impaired balance. In the
present study, pain was significantly associated to NME,
hand strength, and 2 planes of cervical mobility but not to
balance performance.
Regarding neck AROM, it is reasonable to believe that a
small decrease would occur after surgery with fusion at 1 or
more segments. Hilibrand et al31 showed that patients had
reduced passive cervical ROM before surgery, which
increased but was still significantly worse than healthy
individuals 3 to 12 months after surgery. Between 18%
(flexion) and 39% (rotation left) of the participants presented
with physical impairments in neck AROM. The participants
in the present study had surgery at the lower cervical area.
Because approximately 50% of rotation occurs in the
atlantoaxial joint,32 theoretically, rotation should be less
affected by fusion in the lower cervical area. This makes the
large number of impairments regarding left rotation some-
what surprising and indicates that factors other than surgery
may have affected neck mobility. In a study by Matsumoto
et al,33 patients 10 years post-ACDF presented with a higher
degree of degeneration to adjacent segments of the spine than
the normal degeneration over the same 10-year period in
control group. This degenerative process, caused by either
surgery33 or by the natural history of cervical spondylosis,34
may influence both AROM and pain in a negative way.35 It
has been proposed that AROMmay be positively influenced
by training of the neck muscles.36 Perhaps the impairment
seen in cAROM of the present group of individuals is
influenced by a combination of factors including chronic
pain, longstanding fear ofmovement, and avoidance behavior
after surgery leading to inefficient muscle function instead of
or in combination with fusion and/or degeneration.
As a group, 24% and 30% of the patients in the current
study had impairments in left and right hand-grip strength.
It has been demonstrated that patients exhibit significantly
lower hand strength compared with healthy individuals
before surgery,5 which was unimproved at the 6-month and
1-year follow-up postsurgery.5 This lack of improvement
identified in the short term by Peolsson et al5 may indicate a
poor outcome of hand-strength recovery after ACDF, which
was also exhibited with the patients in this current study at
the long-term follow-up.
Two studies with short-term follow-ups have, to our
knowledge, evaluated balance or postural control in
individuals post ACDF.11,12 In 1 study, using posturogra-
phy with experimentally induced body sway, the partici-
pants had re-established normal values compared with
healthy controls at 3-month follow-up.12 In the second
study,11 6 months after surgery, dynamic posturography
was performed in 6 different sensory conditions and with 2
different neck positions. The participants of the latter study
had significantly lower values than a group of healthy
reference individuals in the more demanding sensory
conditions and in altered neck positions.11 In the presentstudy, functional outcome measures were used to test
balance. The results of the present study show that more
than a third (35% and 37%) of the participants had
impairments on the balance tests. The somatosensory
system and, especially, proprioception of the neck are
important parts of the balance system. It is thought that
impaired neck function can influence balance due to a
mismatch between abnormal input from the neck and
normal information from the visual and vestibular systems.37
In the present study, neck pain and NME would have
been expected to correlate to balance performance.
However, there were no significant correlations between
pain or physical function of the neck to balance with the
exception of right rotation and neck extension. Perhaps a
number of other factors not assessed in this study such as
changes to the neck muscles and joints affecting proprio-
ception, fear of movement, reduced mobility, and reduced
physical activity, all of which may lead to an underuse of
the different parts of the balance system, have greater
impact on balance in the present study sample. On a group
level (mean age, 59 years), the participants had worse
scores on the balance tests than a healthy age group of 70 to
79 years. As a decline in neuromuscular, visual, and
vestibular function is usually present with increasing age,
having poor balance at a younger age could result in
increasing balance difficulties later in life, with inactivity
and falls as a consequence.
When comparing the NME results of the present study to
a small 6-month follow-up with patients after CIFC,21 a
higher rate of participants had impairments in the present
study. The smaller study included a younger sample,
including a few male athletes, which could possibly affect
outcome in that study. Below normal results of maximal
neck muscle strength and NME have also been reported in
patients with chronic nonspecific neck pain.21,38 Explana-
tions for why individuals with chronic neck pain displays
lower neck muscle strength and endurance include
increased activity of the superficial cervical flexor muscles
as an altered motor strategy caused by reduced deep muscle
activity39 and hypotrophy of the extensor muscles.40 Neck
strength and/or endurance training programs have shown to
improve neck muscle function as well as pain and disability
ratings in patients with chronic pain of different origin.36,41
Studies examining neck-specific exercise programs after
ACDF are sparse.13 Results from a recent study show that
patients improved after a 3-month specified rehabilitation
program; however, they still exhibited some impairments in
physical outcome measures at a 2-year follow-up.13 This
indicates a need for specific exercises for the cervical
muscles also for individuals after ACDF to prevent
impairment in NME in the long term.
The NME test is a maximum test in the sense that
individuals are instructed to stay in a position for as long as
they can. The participants rated significantly (P ≤ .0001)
higher pain right after the NME testing than before. There
Practical Applications
• A large percentage of patients with anterior
cervical decompression and fusion surgery
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before all tests to the rating immediately before the NME
test (P = .08).
The question arises if the test of NME used in this study
was a true test of endurance with fatigue ending the test or if
pain was the reason why individuals stopped. The authors
hypothesize that pain and/or neck muscle fatigue may have
an impact on muscle function and neck stability in daily life
and, in this perspective, the NME test measures function of
the neck.
No previous studies have compared functional outcomes
between the 2 surgical techniques. Because the theoretical
advantages of fusion with a cage (CIFC) include reduced
graft collapse with sequential reduction in pressure of the
nerve,3 one could have expected a better long-term functional
outcome with the CIFC compared with CP. In the present
study, no differences were present in themeasures of physical
function between the 2 groups of different surgical
techniques. These results are consistent with previous studies
on this population, which solely analyzed self-rated outcome
measures of pain and neck-specific disability.3,4,8 The small
sample size of and the variability within the subgroups could
possibly also be an influencing factor in explaining the lack of
statistical differences between groups. have impairments in neck-related physical
function compared with age- and sex-
matched healthy reference individuals when
measured 11 to 14 years after surgery.
• Neck muscle endurance was most affected
with impairment rates of 63% (ventral neck
muscles) and 82% (dorsal neck muscles).
• Balance impairments were present in 35%
(dynamic balance) and 37% (static balance)
of these individuals.
• There were no differences in long-term
physical function between the 2 surgical
techniques: CP and the CIFC.Limitations
The difference between the individuals who completed
the questionnaire at the 10- to 13-year follow-up4 but who
did not participate in this study and those who participated
in the clinical examinations was lower ratings on the
EuroQol 5 Dimensions (EQ-5D) (P = .04 EQ VAS and P =
.009 EuroQol 5 Dimensions index) of those individuals
only answering the questionnaires. The data collected do
not allow for the ability to compare objective results of
function from preoperatively and short-term results after
surgery, which would have added valuable information.
Previous published studies on the present group of patients
before surgery and at 2-, 6-, and 10-year follow-ups
demonstrated that the subjective ratings of pain and
disability were consistent over time and only improved
initially after surgery.3,4,8 Hence, we may expect the same
regarding the objective measures. Different cutoff values
would also have resulted in different impairment rates.
Another limitation to the present study is the lack of
radiographs at the long-term follow-up. Thus, it is not
possible to determine whether the remaining impairments in
physical function and/or balance performance are influ-
enced by the onset of myelopathy, although there were no
clinical signs of myelopathy at the time of the clinical
testing. The lack of radiographs makes it not possible to
determine if the results are influenced by symptomatic
adjacent degenerative disease. Balance performance could
also possibly be influenced by vestibular or other sensory
impairments not addressed in this study.Future studies are needed to explore whether an
intervention of a structured rehabilitation program after
surgery can improve neck function and balance perfor-
mance at long-term follow-up after ACDF.CONCLUSION
In conclusion, this 11-year plus follow-up after ACDF
with CP or CIFC showed no differences in physical
function between the 2 surgical techniques. Impairments of
measures of physical function related to the neck and,
especially, NME were present in a large percentage of this
group of individuals. Neck-specific function and hand
function but not balance performance were statistically
associated with pain. These descriptive findings of physical
function may add to an understanding of the long-term
outcome in patients after ACDF without a structured
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